Abstract -With s h r i n k i n g geometries making some semiconductor devices more s e n s i t i v e t o i o n i c contamination than before, manufacturers are compelled t o e l i m i n a t e the contaminant t o a higher degree. Before the contaminant can be eliminated though, i t must be i d e n t i f i e d . Evidence p o i n t s t o the people involved i n the process o f wafer handling as being the major source o f t h i s contamination, and n o t alone from m a t e r i a l borne on the skin, b u t from t h e s k i n i t s e l f .
The make-up o f our dermal and epidermal l a y e r s o f skin, i n a d d i t i o n t o the other normal body processes make us a c a r r i e r o f many harmful ions such as Na+, C1-, HCO --, Cat+, and others. This very mix o f chemicals makes the job o f i d e n t i f i c a Z i o n very d i f f i c u l t under the best o f circumstances. However, i n a production s i t u a t i o n where time l o s t i n a n a l y s i s equates t o product l o s t from contamination, the time spent i n r i g o r o u s a n a l y s i s i s a c o s t l y 1 uxury.
A method has been o u t l i n e d from the r e s u l t s o f a n a l y s i s o f f a i l e d semiconductor devices by which an operator can, w i t h a h i g h degree o f r e l i a b i l i t y , i d e n t i f y s k i n as a contaminant. This i s done from the spectra produced by an energy dispersiye X-Ray spectrometer which can be i n s e r t e d i n the same SEM chamber w i t h the specimen, thereby producing a r e l a t i v e l y f a s t , c o s t optimized analysis.
Our body takes i n food, some o f which i s converted t o energy w i t h the b u l k being eliminated. Along w i t h t h i s b u l k there are eliminated other wastes which are t h e by-products o f energy conversion i n our c e l l s . There are three avenues o f e l i m i n a t i o n -t h e Bowel, the Kidneys, and the Sweat Glands.
The Sweat Glands,in a d d i t i o n t o t h e i r use f o r e l i m i n a t i o n , a l s o serve as a p a r t of our temperature regul.ation system and are a l s o l i n k e d t o our autoArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19842206 nomic, o r nervous system. T h e i r o u t l e t s a r e a l l over o u r bodies, b u t a r e most dense i n t h e palms o f t h e hands, t h e a x i l l a e o r branches o f t h e body, t h e s o l e s o f t h e f e e t , and t h e forehead. These areas a l s o c o n t a i n t h e glands r e s p o n s i b l e f o r i n s e n s i t i v e o r "nervous" p e r s p i r a t i o n as opposed t o t h e s e n s i t i v e glands t h a t g i v e o f f sweat caused by a c t i v i t y and i n c r e a s e d energy u t i l i z a t i o n . The amount o f p e r s p i r a t i o n g i v e n o f f can v a r y f r o m about 22ml/hr t o 525 m l / h r , depending on t h e l e v e l and d u r a t i o n o f a c t i v i t y .
The i n o r g a n i c c o n s t i t u e n t s o f t h i s p e r s p i r a t i o n a r e e s s e n t i a l l y t h e same as blood, b u t i n lower c o n c e n t r a t i o n s . The main e l e c t r o l y t e s a r e Na+, C1-, HC03--, There i s no s e t c o n c e n t r a t i o n o f e i t h e r , however s i n c e t h e r e a r e many f a c t o r s such as d i e t , disease, o r even t i m e o f t h e l a s t meal t h a t a f f e c t t h e r e l a t i v e percentages. The sweat glands then, e x c r e t e theses elements i n an aqueous s o l u t i o n o n t o t h e s k i n where i t i s e i t h e r absorbed i n t o s k i n c e l l s o r accumulates on t h e s k i n b y combination c e n t e r s as t h e w a t e r evaporates. The s k i n i s made up of l a y e r s which b e g i n i n t h e Epidermis, w i t h t h e Stratum Germinativum, where c e l l m u l t i p l i c a t i o n t a k e s place, t o t h e Stratum Corneum where combinations o f squamous c e l l s a r e sloughed o f f a t random.
o n / m i n u t e . I n t h e l a y e r s between t h i s process, t h e c e l l s a r e undergoing a chemical conversion, t a k i n g on melanin i n v a r y i n g amounts from t h e melanocytes, b e i n g f l a t t e n e d and s l o w l y dying. The protoplasm o f t h e epidermocytes, o r o r i g i n a l c e l l s , changes g r a d u a l l y t o a p r o t e i n substance c a l l e d K e r a t i n . These f l a t t e n e d k e r a t i n o c y t e s a r e overlapped, much l i k e s h i n g l e s on a house,
t o serve as a hard c o v e r i n g f o r o u r body t o keep o u t water and b a c t e r i a and h o l d i n o u r organs and body f l u i d s . The protoplasmk e r a t i n c o n v e r s i o n i n a d d i t i o n produces an a c i d component t h a t k i l l s many o f t h e v i r u s e s and b a c t e r i a t h a t come i n c o n t a c t w i t h o u r s k i n d a i l y , s e r v i n g thereby as a b u i l t -i n d i s i n f e c t a n t , b u t a l s o as another p o s s i b l e i o n i c contaminant.
These elements o f t h e body have f i r s t i o n i z a t i o n p o t e n t i a l s r a n g i n g from 4 t o 7 ev w i t h second i o n i z a t i o n p o t e n t i a l s r a n g i n g a l l t h e way t o 14 ev and possess t h e c a p a b i l i t y o f producing s i g n i f i c a n t t h r e s h o l d s h i f t s and subsequent leakage c u r r e n t s i f p r e s e n t between t h e gate o x i d e and channel areas o f an MOS t r a n s i s t o r .
An experiment was performed t o i d e n t i f y t h e cause of leakage on an MOS device. The procedure was t o measure t h e leakage on d i e on a raw wafer, heat t h e wafer t o a temperature s l i g h t l y lower than t h e maximum expected i n a normal assembly process, probe f o r leakage again, expose t h e wafer t o a c o n t a m i n a t i n g atmosphere, probe f o r leakage, heat and probe a f o u r t h time f o r leakage. There was no f a l lo u t f o r leakage u n t i l t h e f i n a l p r o b i n g a t which t i m e t h e r e were an average o f 7 d~e / w a f e r t h a t showed excessive l e v e l s o f c u r r e n t flow. I n e v e r y case a cont a m~n a n t was p r e s e n t i n t h e area o f t h e f a i l i n g gate. I n a l l b u t two samples t h e contaminant produced an e n e r g y -d i s p e r s i v e X-Ray spectrum which was i n c o n s i s t e n t w i t h known f i x e d m a t e r i a l s i n t h e area. T h i s l e a d i n g then t o s u s p i c i o n o f human sources, t h e samples were s t a i n e d w i t h N i n h y d r i n which i s a common amino a c i d s t a i n used by Forensic P a t h o l o g i s t s t o c o n f i r m t h e presence o f human s k i n o r f i n g e r p r i n t s . F i g u r e s 1 and 2 a r e i n c l u d e d as examples o f t h e physico-chemical c h a r a c t e r i s t i c s o f some o f t h e s k i n samples.
There i s no one element t h a t can be used as an a b s o l u t e i n d i c a t o r o f s k i n , however i t i s suggested t h a t t h e combination o f several f a c t o r s can l e a d t o a f a s t d e t e r m i n a t i o n o f s k i n o f s k i n w i t h a h i g h degree of p r o b a b i l i t y , a l o n g w i t h a good a n a l y s t s normal i n p u t s such as knowledge of t h e p r o d u c t i o n area, communication w i t h t h e r e q u e s t o r o f a n a l y s i s and s p e c i f i c f a i l u r e modes. The common f a c t o r s n o t e d i n t h i s e x e r c i s e were: 2. Presence of a t l e a s t two o f t h e elements from t a b l e 1.
(More than two elements, e x c l u s i v e o f any n o t i n t a b l e 1 increases t h e p r o b a b i l i t y t h a t t h e contaminant i s s k i n . ) 
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F i g u r e 2 .
(See t e x t ) P o t e n t i a l l y harmful c o n t a m i n a t i o n can o n l y be e l i m i n a t e d a t t h e source b y an e x a c t d e t e r m i n a t i o n o f t h e contaminant. Moreover, w i t h i n c r e a s i n g wafer c o s t s causing an emphasis on through-put, a ' c o n t a m i n a n t w i l l have as l i t t l e impact on a p r o d u c t l i n e as t h e a n a l y s t can p r o v i d e through f a s t , a c c u r a t e a n a l y s i s . W i t h a few o b s e r v a t i o n s supported by c o n f i r m a t i o n by more s p e c i f i c b u t t i m e consuming means ( Auger,SIMS, NAA, o r g a n i c s t a i n s , e t c . ) , an X-Ray S p e c t r o s c o p i s t can develop an eye f o r s k i n contamination t h a t w i l l become i n c r e a s i n g l y f a s t and r e l i a b l e . Table 1 . Chemical element c o n c e n t r a t i o n s i n t h e human body and body f l u i d s w i t h i o n i z a t i o n p o t e n t i a l s . 
